of Silesia, Katowice, Poland) were screened for the presence of the exclusion criteria listed below. A total of 322 patients were enrolled in this prospective study. The study protocol included the assessment of clinical characteristics, examination of ultrasound indices, and complete coronary angiography performed during the index hospitalization. All the clinical data, ultrasound indices, and coronary angiograms were obtained and analyzed by different investigators, blinded to patient names and other results. The indication for coronary revascularization was established according to the European Society of Cardiology (ESC) guidelines, 17 and the decision was at the discretion of interventional cardiologists. For the purpose of this study, coronary revascularization was defined as percutaneous or surgical coronary revascularization regardless of the type of the procedure.
The main exclusion criteria were as follows: acute coronary syndrome, heart failure or left ventricular systolic dysfunction, severe heart valve disease (with referral for cardiac surgery), severe chronic inflammatory diseases, active malignancy, significant liver failure, severe chronic kidney disease (estimated glomerular filtration rate <15 ml/min/1.73 m² or dialysis), surgery or radiotherapy within the region of interest (neck or abdomen), and known diagnosis of genetic predisposition to CV diseases.
The study protocol was approved by the ethics committee at the Medical University of Silesia.
clinical assessment The clinical assessment and CV risk evaluation were based on the ESC guidelines. 18 Hypertension was determined based on blood pressure measurements or a prior diagnosis and current treatment. Dyslipidemia, diabetes, and obesity were defined as previously described. [18] [19] [20] Coronary artery disease was defined as a stenosis of 50% or greater in any major coronary artery (left main, left anterior descending, circumflex, and right coronary arteries). Peripheral artery disease was determined based on a prior diagnosis or treatment, ultrasound examination, or a history of typical symptoms (eg, intermittent claudication).
ultrasound indices All ultrasound images were recorded by a single experienced investigator using the same settings. Once the recruitment was completed, single clips showing only the region of interest were randomly analyzed offline by one observer blinded to patient data. All the ultrasound indices were obtained using a high -resolution ultrasound (GE Vivid 9, Milwaukee, Wisconsin, United States) with a linear transducer (9-12 MHz) for carotid arteries (CAS, IMT, EMT), echocardiography transducer (1.5-4.5 MHz) for epicardial fat thickness, and abdominal transducer screening tool for early atherosclerosis and CV risk in patients with a few risk factors. 8 Given that atherosclerosis is a multifactorial disease, recently new indices, related mainly to perivascular fat, have been developed: carotid extra -media thickness (EMT) 9-11 and the combined vascular index PATIMA (Periarterial Adipose Tissue Intima Media Adventitia). 12 Previous studies showed that CAS, 13,14 carotid IMT, 4-7 carotid EMT, 12,15 and PATIMA index 12 are associated with the presence or severity of CAD.
All the ultrasound indices used in our research are more or less related to vascular risk. However, given that they correspond to different anatomical structures and tissues, they may also provide independent and additional predictive value. Major imaging indices, including carotid IMT and carotid plaques, are considered in the current European guidelines on CV disease prevention as CV risk modifiers. 16 However, the authors emphasized some limitations and the lack of studies showing a link between the imaging indices and treatment outcomes or clinical prognosis. 16 It was suggested that associations only with the anatomical features of CAD or increased CV risk reported in previous studies are not strong enough to recommend ultrasound indices in clinical practice. 16 Therefore, there is a need for evidence showing that some of the indices can predict the outcomes of treatment (pharmacologic or interventional) or help modify the treatment strategy (eg, modification of pharmacotherapy based on an ultrasound index).
Given the current data 16 and ethical considerations, there is a low probability for conducting a prospective randomized study with a long -term follow -up and different CV pharmacotherapies based on baseline ultrasound measures. Thus, we aimed to assess a predictive value of CV risk factors, CAS, and ultrasound vascular indices for coronary revascularization in patients with high and very -high CV risk who are referred for coronary angiography. A total number of clinical risk factors is the basis for cardiovascular (CV) risk estimation, but it does not predict the need for coronary revascularization in patients with at least high CV risk. Carotid artery stenosis, carotid wall parameters (intima -media thickness and extra -media thickness indexed for body mass index), and the combined PATIMA index provide similar significant predictive values for coronary revascularization. To the best of our knowledge, this is the first study showing a predictive value of the main vascular indices for coronary revascularization and not only for the presence or severity of coronary artery disease.
under the curve values with standard error. Data with normal distribution were analyzed with the Kolmogorov -Smirnov test. Baseline clinical parameters or the ultrasound measures were compared between the subgroups using the t test for normally distributed continuous variables. In the case of nonnormal distribution, the Mann-Whitney test was used. A multiple comparison analysis was conducted using the analysis of variance (ANOVA) with the Bonferroni correction. Prior to the ANOVA test, the Levene test for equality of variances was performed. The differences between the subgroups were analyzed using 1-way ANOVA. To determine the best cutoff value for individual ultrasound indices, the receiver operating characteristic (ROC) curves were used, providing sensitivity, specificity, and optimal predictive values for coronary revascularization. A P value of less than 0.05 was considered significant. Statistical analysis was conducted using the MedCalc v 18.5 software (MedCalc, Ostend, Belgium).
rESuLtS clinical characteristics of the study group The clinical characteristics of patients are presented in TAble 1. The study group included 322 patients (118 women and 204 men; mean [SD] age, 61 [7] years). Hypertension and dyslipidemia were reported in 100% of patients; obesity, in 49%; and diabetes, in 36%. All patients were referred for coronary angiography during the index hospitalization with the following indications 17 : high pretest clinical probability with significant symptoms and typical risk factors (25%), intermediate pretest clinical probability with significant symptoms and/or positive results of exercise stress test (29%), stress echocardiography (22%), myocardial perfusion scintigraphy (11%), and coronary computed tomography angiography (13%).
Coronary angiography showed CAD (CAS of at least 50%) in 228 patients (71%) with equal rates of 1-, 2-, and 3-vessel disease (TAble 1) . Coronary revascularization was performed in 158 patients (49%): percutaneous in 139 and surgical in 19. The main indications for coronary revascularization were as follows 17 : left main or proximal left anterior descending artery disease (percutaneous coronary intervention [PCI], 33%; coronary artery bypass grafting [CABG], 6%); any symptomatic coronary stenosis resistant to medical treatment (PCI, 44%); as well as 2-or 3-vessel disease (PCI, 11%; CABG, 6%). There were no revascularizations within the previously implanted stents (restenosis or any stent failures).
ultrasound indices and coronary revascularization The study group was divided into 2 subgroups depending on the results of coronary angiography and the presence of indications for coronary revascularization. Patients Ultrasound indices were obtained and measured according to the guidelines 10,21-23 and as precisely described in our previous study with intra-and interobserver variability and coefficients of variation. 10 The combined PATIMA index was first developed and proposed in our previous research. 12 In the current study, it was calculated using the same formula: PATIMA [u] = (EMT/BMI × 35) + IMT + (EFT × 60), where EMT/BMI denotes EMT adjusted for body mass index (BMI). All single ultrasound measures represent different tissue components of the arterial wall and provide a different component of a patient's CV risk.
Statistical analysis Data were expressed as means with SD, number and percentage, or area FigUre 2 ).
dIScuSSIon In the present study of patients with high and very high CV risk scheduled for coronary angiography, we found that baseline CAS, carotid parameters (IMT and EMT/BMI), and the combined PATIMA index offer a similar significant predictive value for coronary revascularization. Although the total number of clinical risk factors is the basis for CV risk estimation and CAD prevention, it does not predict the need for coronary revascularization in patients with at least high CV risk. To the best of our knowledge, this is the first study showing the predictive value of the main vascular indices for coronary revascularization and not only for the presence or severity of CAD.
There have been several studies showing that carotid atherosclerosis 1, 14, 24, 25 or carotid IMT 3, 4, 26, 27 are associated with CAD or clinical prognosis. Our previous studies showed also that carotid EMT (index of perivascular adipose tissue) and the combined PATIMA vascular index are associated with the presence and severity of CAD. 12 Moreover, we found that carotid IMT, EMT, and the combined PATIMA index are associated with the complexity of CAD assessed by the SYNTAX score. 15 All the ultrasound indices used in our study correspond to different vascular or tissue components. They reflect some common CV risk factors, but they also show some differences in terms of risk stratification. This is supported by our results, which revealed that CAS as well as IMT, EMT, and PATIMA index have a similar predictive value for coronary revascularization.
The relationship between a particular index and different aspects of CAD is complex. The association with the presence or the severity of coronary stenosis is a simple finding, while the association with the complexity is more advanced, but it does not have to result in revascularization in a patient. There are several different risk factors found in clinical assessment, laboratory tests, or imaging studies, 16 which are associated with vascular disease. However, in clinical practice, we need indices that would show a closer association with treatment outcomes or a change in clinical prognosis. Even the well -known Duke Treadmill Score obtained in an exercise test was shown to have a weak correlation with CAD and coronary revascularization. 28 Baseline vascular indices assessed in our study showed potential utility for the prediction of coronary revascularization, which is with indications for coronary revascularization showed higher carotid IMT, PATIMA index, and CAS compared with those without indications. On the other hand, the groups were similar in terms of the total number of CV risk factors (mean [SD], 5.4 [1.3] vs 5.3 [1.1]; P = 0.9), carotid EMT, and IAT (TAble 2) . Subsequently, the study group was divided into 3 subgroups: patients referred for coronary revascularization, patients with CAD not referred for revascularization, and patients with nonsignificant CAD (<50% stenosis) (TAble 3) . receiver operating characteristic curve analysis and prediction of coronary revascularization Given the main aim of the study, the following parameters were used in the ROC curve analysis for predictors of coronary revascularization: age, total number of CV risk factors, maximal CAS, carotid IMT, carotid EMT/BMI, IAT, and the combined PATIMA index.
Patient's age, clinical CV risk factors, and IAT were not predictive for coronary revascularization ( FigUre 1 ). All the other ultrasound parameters, Data are presented as mean (SD).
Abbreviations: see TAbleS 1 and 2 much more challenging. We may assume that increased ultrasound indices in patients with stable CAD indicate a stronger need for coronary angiography with a higher probability of revascularization. The ESC guidelines on CV disease prevention 16,18 underlined the need for new data supporting the use of vascular carotid indices in the prediction of treatment outcome, as there is a clear gap in the available evidence. Our study partially fills this gap by providing some novel data concerning the differences in ultrasound indices (CAS, EMT, and PATIMA index), with higher values observed in patients referred for coronary revascularization than those with nonsignificant CAD. Among all the ultrasound vascular indices, carotid IMT is historically the most important one, with the largest body of evidence. 29 It is currently perceived as a marker of atherosclerosis (its development and progression) as well as a predictor of CV events. 4 It has been used as an endpoint in studies assessing the efficacy of some pharmacologic interventions. 4,8 However, neither carotid IMT nor other major vascular indices were used as predictors of treatment outcome. Our previous study 30 showed that increased perivascular visceral fat index (carotid EMT) is associated with worse lipid goal attainment, which could help identify patients requiring more aggressive lipid -lowering treatment. Carotid IMT failed to show any associations with lipid management. A direct comparison with other studies or concepts of combined indices in relation to the efficacy of treatment is impossible, as there have been no other studies in this field. clinical perspectives To the best of our knowledge, we present the first results concerning the predictive value of CAS and major vascular indices for coronary revascularization. The severity of CAS, carotid IMT, EMT, and the combined PATIMA index may improve the stratification of patients before they are scheduled for coronary angiography. Given the differences in the complexity of measurements of those indices (with the most complex being PATIMA, followed by EMT, IMT, and CAS) and that the FigUre 1 
